Primary malignant neoplasms of the brain and spinal cord occurred in 20/718 male (2.8%) and in 13/717 female (1.8%) Crl:CD&reg;Br strain Sprague-Dawley rats. Of 33 neoplasms, 30 were found in brain while 3 were in the spinal cord. In males and females, the most common brain neoplasm was astrocytoma (13 males, 9 females). Other neoplasms, granular cell tumor (1 male), mixed glioma (2 males, 1 female), reticulosis (1 male, 2 females), and oligodendroglioma (2 males), were especially uncommon. Spinal cord neoplasms included 2 schwannomas (1 male, 1 female) and an astrocytoma (1 male). The overall brain neoplasm incidence was similar for males (2.8%) compared to data compiled for this strain, and there was a 2-fold increase for females (1.8% vs 0.9%) compared to available incidence data.
INTRODUCTION
Brain neoplasms in laboratory rats have been important to the safety assessment of a few chemicals including acrylonitrile and ethylene oxide, which also produced neoplasms in other organs (1, 5) ; the statistically significant increase of gliomas observed in high-dose Sprague-Dawley male rats with Food Drug & Cosmetic blue No. 2 was unaccompanied by increases in other neoplasms and was not considered biologically significant (12) . Lifespan studies of the effects of plutonium aerosol exposure in Wistar rats revealed nearly a 2-fold increase in brain neoplasm incidence but no apparent dose relationship (12, G. E. Dagle, personal communication). The spontaneous incidence of brain neoplasms among laboratory rats found in the pre-1976 literature was < 1 % (9) . Since then, a few more reports have established that the incidence in laboratory rats varies but ranges from < 1 to about 3% (3, (5) (6) (7) 12) . The purpose of this report is to document the incidences of spontaneous brain and spinal cord/ nerve neoplasms during routine drug safety studies in Sprague-Dawley male and female rats.
METHODS
The 1,435 rats (718 male, 717 female) of this report were virus antibody-free Crl: CD @ Br (Charles River Breeding Laboratories, Portage, MI). They were employed in drug-safety studies conducted simultaneouly between 1987 and 1990. All rats were housed separately in wire mesh cages in environmentally controlled rooms with a 12-hr light-dark cycle and fed water and Certified Rodent Chow No. 5002&reg; (Purina Mills, St. Louis, MO) ad libitum. Moribund animals and those removed from study on schedule were anesthetized with methoxyflurane and then killed by exsanguination (severing the axillary vessels). All rats received a complete necropsy examination. Thirty primary malignant brain and 3 malignant spinal cord/nerve neoplasms are reported together because there was no evidence of a treatment-related increase in any noncontrol group.
The entire brain and spinal cord (in the vertebral column) were collected at necropsy from each rat in 10% neutral-buffered formalin. After fixation, the thoracic/anterior lumbar segment was removed from the vertebral column for processing. Gross lesions and 3 levels of brain in cross-section, diencephalon, telencephalon, and rhombencephalon, were routinely examined microscopically; the mid-thoracolumbar spinal cord in cross-section and longitudinal section and gross lesions of the cord were also examined. All neoplasms were peer-reviewed by at least 1 other Diplomate of the American College of Veterinary Pathologists on the Toxicology Depart-ment staff who was experienced in rodent pathology examinations.
DESCRIPTION OF LESIONS
Thirty brain neoplasms and 3 spinal cord neoplasms serve as the basis for this report and are summarized in Table 1 . The brain or spinal cord neoplasms were considered the cause of death or reason for killing 19 moribund rats, 7 were scheduled deaths, 3 were removed from study due to renal failure, 1 was removed due to a pituitary neoplasm, and 4 were removed each due to a mammary gland neoplasm. No specific clinical signs in any of these rats suggested the presence of brain or cord neoplasms except in 2 hemiparalyzed rats, each with a nodular mass (malignant schwannoma) involving spinal cord/spinal nerves of the thoracolumbar (Fig. la-c) or caudal lumbar region (Fig. 2 ). In another rat killed in moribund condition, there was a soft, raised circular mass covering the dorsal surface of the cranium; it was part of a large malignant mixed glioma arising from the cerebrum with erosion of the overlying bone (Fig. 3a, b ). These neoplasms were first observed at variable times, as shown in Table II . The earliest death among these rats was on study day 191 due to a malignant schwannoma in a female with hemiparalysis. Brain and spinal cord neoplasms were incidental findings in 15 of 34 rats.
Astrocytomas
Of the 30 brain neoplasms shown in Table II , 21 1 (12 males, 9 females) were astrocytomas observed at an average age of 583 days (range of 208-732).
Another astrocytoma was found in routine microscopic examination of the spinal cord of a male killed after 450 days ( Fig. 4 ). Astrocytoma of the spinal cord is especially rare, with only 1 other reported in a control Sprague-Dawley rat killed at 512 days of a 2-yr oncogenicity study due to posterior paralysis (4) . Our brain neoplasm findings contrast with those reported for induced neoplasms of the brain where pure astrocytomas were rare (14) . All astrocytomas of this report were observed grossly as small ( Fig. 5 ) or large ( Fig. 6 ) destructive masses macroscopically, in the stained sections, with each comprised of anaplastic astrocytes by microscopic examination. They were located most often in the periventricular-lateral cerebral hemispheres with expansion into adjacent structures. Astrocytomas were the most common (21/33) brain or central nervous system neoplasms, with an incidence advantage in males less than that reported earlier (7) . Microscopically, each neoplasm consisted of poorly defined aggregates of medium-sized or large pleomorphic astrocytes with variable amounts of eosinophilic cytoplasm and a large hyperchromatic nu- cleus. Nucleoli were relatively inconspicuous. Astrocytomas were predominantly detected in older rats. None of these astrocytomas had the morphologic characteristics of a glioblastoma multiforme reported earlier in a Sprague-Dawley rat (15) .
Mixed Glioma
Three brain neoplasms (2 males, 1 female) of this type were first diagnosed on average at study day 344 (range of 197-482). The neoplasm was responsible for death in 2 affected rats. All involved the cerebrum and were large, irregular, destructive neoplasms ( Fig. 7) , with 1 found invading the subcutis on the dorsum of the head. Microscopically, these neoplasms were comprised of variable aggregates of proliferating pleomorphic astrocytes and oligodendrocytes, with conspicuous areas of neovascularization, focal hemorrhage, and necrosis. A few mitotic figures were seen in each cell type. The oligodendrocytes exhibited minimal to mild mucinous degeneration distinctive for this neoplastic process. There was no apparent pattern of cell type and distribution, as previously described for induced neoplasms (13).
Oligodendroglioma
Oligodendroglioma was seen in 2 males where death was due to renal failure; each was an incidental neoplasm. The neoplasms were detected macroscopically in the subcortical or periventricular regions of the cerebrum (Fig. 8) . The neoplasms were comprised of generally small to medium-sized cells. The cells contained a round nucleus and had scant cytoplasm, and a few showed mucinous de-generation similar to the microscopic appearance seen in mixed glioma.
Reticulosis
The neoplastic disease reticulosis occurred as a destructive gross cerebral lesion in 3 (1 male, 2 female) rats. The mean time of observing these fatal neoplasms was 620 days (range of 594-647). In the brain, these neoplasms apparently arise from the microglial cells or their precursors, reticulum cells, found in perivascular and meningeal areas. One of these neoplasms was seen at necropsy as a dark, raised, misshapen area in the anterior dorsal surface of a cerebral hemisphere (Fig. 9a ). Microscopically, these neoplasms were densely cellular and had displaced or destroyed neural parenchyma and were also aggregated, filling the perivascular spaces. At the periphery, tumor cells were less dense and infiltrated adjacent parenchyma. In some areas, the cells were comparatively uniform with poorly defined cytoplasmic outlines, prominent nuclei, and frequently prominent nucleoli (Fig. 9b ).
Granular Cell Tumor
One fatal neoplasm, the granular cell tumor, was observed macroscopically (Fig. l0a ) in a male killed in moribund condition at 594 days. It was a large mass occupying, in section, the central two-thirds of the anterior cerebrum. The granular cell tumor is believed to develop from Schwann cells because of light and electron microscopic similarities (7, 8) . The site of origin for this neoplasm is unclear, but it also involved the ventral meninges and could have arisen from the optic nerve tracts. Microscopically, the neoplasm was comprised of plump polygonal cells containing central, round or elongated nuclei and abundant cytoplasm with many acidophilic granules that stained positive for acid mucopolysaccharide (Fig. lOb) .
Schwannoma
The malignant schwannomas had variably sized areas of necrosis surrounded by cells in bundles that formed whorls or a herringbone pattern where the bundles intersected. They were characterized microscopically by plump spindle cells. Mitotic figures were numerous, and the nuclei were hyperchromatic and varied in size. In some areas, spindle cells appeared syncytial and were arranged in fascicles that resembled Schwann cell cords.
DISCUSSION
In Mennel and Zü1ch's 1976 presentation of central and peripheral nervous system neoplasms in rats, naturally occurring neoplasms were considered extremely rare ( 11 ) . In the past 15 yr, there have been a few more reports on spontaneous brain neoplasms in rats where the incidences varied broadly from < 1 to 10-12%, with incidence in males greater than in females. Brain neoplasms in rats are clearly not as rare as first reported but generally have an incidence between 0.5 and 3.0%, depending on the rat strain and sex being reported (3, 7, (9) (10) (11) (12) . There were no histological variants of astrocytoma in this series consistent with spontaneous &dquo;glioblastoma multiforme,&dquo; as reported elsewhere (15) .
Although details of the extent of brain examination are not always clear for the incidences reported, Borzelleca et al (2) documented that examination of additional brain sections increased the neoplasm incidence. Generally, astrocytoma is the most frequent (-0.4%) brain neoplasm reported in Wistar control rats (10, 11) , with meningioma second in frequency (-0.2%). This contrasts with a higher spontaneous astrocytoma incidence (-1.5%), the absence of meningioma, and the presence of mixed gliomas and a granular cell tumor reported here in Sprague-Dawley rats.
While granular cell tumors were especially uncommon in rats of this report, they were conspicuous among Donyru rats. With an incidence of 3.2% in males and 2.1 % in females, this was the only type of brain neoplasm found. Affected Donyru rats survived acceptably well with mean survival times of 94.4 and 108.8 wk, respectively, for males and females (10) .
Spinal cord/nerve neoplasms are less common than brain neoplasms in literature reports, probably because the cord is less thoroughly examined. Routine examination of the spinal cord/nerves in our studies was limited to 1 common region (posterior thoracic-anterior lumbar) and gross lesions. Clinical signs clearly were not always helpful because the spinal cord astrocytoma reported here was found in the routine section from an &dquo;apparently normal&dquo; rat. In contrast, the 2 schwannomas were found as gross lesions in rats with posterior paralysis. The fact that brain, cord, and peripheral nerve neoplasms can be induced by several chemical agents (10, (12) (13) (14) is helpful to our understanding of morphological variants of spontaneous neoplasms and earlier onset, but not the mechanism(s) for spontaneous occurrence. The morphology of chemically induced nervous system neoplasms may vary with strain, as shown with methylnitrosourea, which produced a high incidence of brain neoplasms in Sprague-Dawley rats and a high incidence of peripheral nerve system tumors in Fischer-344 rats (14) . Very little is understood about the cause of spontaneous brain, cord, and spinal nerve neoplasms. They are relatively infrequent and found past the midpoint in chronic studies in rats that may not show obvious clinical signs. CONCLUSION Primary malignant neoplasms of the brain and spinal cord occurred in 20/718 male (2.8%) and in 13/717 female (1.8%) Crl:CD@Br strain Sprague-Dawley rats. Of 33 neoplasms, 30 were found in brain while 3 were in the spinal cord. In males and females, the most common brain neoplasm was astrocytoma (12 males, 9 females). Other neoplasms, granular cell tumor (1 male), mixed glioma (2 males, 1 female), reticulosis (1 male, 2 females), and oligodendroglioma (2 males), were especially uncommon. Spinal cord neoplasms included 2 schwannomas (1 male, 1 female) and 1 astrocytoma ( male).
The overall brain neoplasm incidence was similar for males (2.8%) compared to data compiled for this strain, and there was a 2-fold increase for females (1.8°lo vs 0.9°l0) compared to available incidence data.
